
Biology of the Stress Response

Raymond P. Stowe, Ph.D.
Department of Pathology



Psychoneuroimmunology

The study of the link between psychological states and the 
functioning of the immune system

The link between the two is provided by the Central 
Nervous System (CNS) 

Our psychology affects our nervous system which in turn 
affects our immunity



Alteration of the function of the immune system is
mediated by hormones whose plasma concentration is
regulated by the central nervous system

Hypothalamus-pituitary-adrenal (HPA)
Sympathetic nervous system (SAM)

CNS activity modulates the concentration of plasma
hormones



The endocrine response to 
stress is extremely complex
and involves a number of
feedback mechanisms



Stress-induced hormonal alterations have been associated
with Clinical effects such as:

•An increased susceptibility to viral infections
•Activation of latent viral infections
•Onset and exacerbation of autoimmune diseases
•Progression of atherosclerotic heart disease and
myocardial infarctions

•Stroke
•Depression



Human Studies of Stress

Laboratory studies

• Volunteers are exposed to acute, short-term stressors 
(e.g. making speeches)

• Immune functioning is simultaneously measured

Shows that it takes as little as five minutes for a stressor to inhibit the ability
of the immune system to respond effectively

Also exposure to antigens; record illness occurrences

Studies of Stress and Immune Function



Antigen Exposure
Cohen et al. (1999), Psychological stress, cytokine production, and
severity of upper respiratory illness. Psychosom. Med. 61:175-80. 

-55 subjects were infected with influenza A virus
-the Perceived Stress Scale (PSS) was used to assess the degree of
stress (High vs. Low)

Measures included: self-reported respiratory symptoms
IL-6 concentrations in nasal secretions







Conclusion - Cohen et al. (1999)

•Psychological stress predicted a greater expression of illness and an
increased production of IL-6 in response to an upper respiratory
infection

First study to provide evidence that psychological stress can influence
infectious illness through biological pathways 



Longitudinal or field studies

• Involves following-up individuals who have suffered significant stresses at 
one point over long period of time after the stressful event or time period

Shows that strong stresses lead to significantly more illness over time

This effect remains after controlling for factors that may account for increased 
illness such as smoking and substance abuse

Also shows that the immune system can remain suppressed in the long term

Studies of Stress and Immune Function



Ohio State University
Studies by Ronald Glaser and group

Stress-associated immune modulation

Immune changes associated with academic stress and caregivers:
Decreased NK cell activity
Decreased proliferative responses of lymphocytes
Decreased production of IFN-γ by lymphocytes
Decreased IL-2 receptor expression

Question: As these temporary changes, or can these changes
lead to increased susceptibility to viral infections (i.e., herpesviruses)







Conclusion - Glaser et al. (1985-)

•Review of studies indicate that stress can have a significant impact 
on immune function, ranging from down-regulation of T-cell responses
to decreases in cytokine production

•These changes are associated with reactivation of latent herpesviruses,
decreased antibody response to viral vaccines, increased risks of colds,
and delays in wound healing



Role of HPA and IL-6 in stress-induced 
Reactivation of Latent HSV

Noisakran et al., J. Immunol., 1998

Investigated hypothermic stress and reactivation of HSV-1 in mice:

-Does hypothermic stress induce HSV-1 reactivation
-Is viral reactivation mediated by the HPA axis

Treatment of hypothermic mice with the glucocorticoid synthesis
inhibitor cyanoketone (CK)







Conclusion - Noisakran et al., J. Immunol., 1998

•Preadministration of CK blocked stress-induced elevation of 
corticosterone in a dose-dependant manner

•Inhibition of corticosterone synthesis correlated with reduced levels
of HSV-1 reactivation

•CK blocked the stress-induced rise in IL-6 mRNA and protein expression



Increasing interest in IL-6

Increased levels are associated with aging and chronic stress (Kiecolt-
Glaser et al., PNAS 100:9090-5, 2003)  

Linked to cardiovascular disease due to the central role this cytokine
plays in the production of C-reactive protein (CRP) , an important risk
factor for myocardial infarction (Pradhan et al., JAMA 286:327-34,
2001) 

IL-6 and CRP also play a pathogenic role in a number of diseases 
(osteoporosis, arthritis, congestive heart failure, etc.)





U.S. and Russian Immunology Studies

•Reduced lymphocyte mitogenic response

•Altered leukocyte subpopulations (PMNs, band 
neutrophils, NK cell # and function)

•Decreased DTH responses during spaceflight

Stress (physical and psychological) may be a factor in  
the reduced immune responses of astronauts



Space Flight Factors Increasing Infectious Disease Risk

Changes in immune response
Closed environment/crowded living & working conditions
Inability to isolate contagious crew member
Limited in-flight diagnostics and treatment capabilities
Limited clean-up and disinfecting capability
Increased radiation exposure





Latent Viruses

Herpesviruses, such as Epstein-Barr virus (EBV),
are widespread among humans (>90%)
Not mitigated by a pre-flight quarantine period
Subject to intermittent reactivation
May result in clinical symptoms/disease
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Proposed Model for Stress-Induced Decreases
In Cellular Immunity

Adapted from Elenkov et al., Proc. Assoc. Am. Physicians, 1996



Adapted from Lutgendorf and Costanzo, 2003

Psychosocial Processes
Individual Differences
-optimism, hostility, neg. affect
Mood
-depression, anxiety
Resources
-coping, social support
Other
-stress reactivity

Biological Factors
Heredity/Genetics, Sex, Age, Race
Ethnicity
Exposure to Viruses (HIV, HPV, Flu),
Toxins, Carcinogens
Injury
Medical Treatment

Health Behaviors/
Lifestyles

-sleep, diet, sun exposure
-alcohol, drugs
-smoking
-social behaviors
-vaccination

Life Stress: Acute;Chronic; Socioeconomic status; early life events

Health Psychology Intervention: Relaxation, Exercise, Social Support, Sleep

Neuroendocrine (HPA, SAM) Immune Mechanisms
-cortisol, estrogen, testosterone, GH, -T-cells, cytokines (IL-6, IL-1, TNFα) 
-prolactin, etc. -NK cells, wound healing factors, humoral

Vulnerability/
Resistance

Disease onset/
Symptoms

Progression/
Exacerbation/
Recovery

Survival/
Quality of Life


